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Abstract 
The object of the work was t o assess the 
advantages of examining fungal mate ri a l in th e 
scanning elect ron mic ros co pe whilst in a fully 
hydrated state (c r yofixe d ) . Th e results indicated 
that coni di a of the ascomycete fungi Xylaria 
hypoxylon and Nectr ia cin nabarina were well 
preserved with no indication of artifacts of 
contract i on an d wrinkling, features noted when the 
material was c ritical point-dr ie d. Similarly 
cryofixe d basidia of th e mycorrhi za l 
basidiomycete, Lacc ar ia laccata, were well 
preserved as was th e mucila gino us film enve l oping 
them. Th e basi diospores of cri tic a l point-dried 
material were a lso r easonab l y well pr eserved , 
presumably due to their thick walls, bu t basidia 
in s uch material had a wrinkl ed app earance, as did 
the mucilage film whi ch s urvived the effects of 
the che mical fixatives an d dehydrating solvents. 
The conclusion is that cryofixing is a 
desirable, rapid technique for microbiological 
specimens an d excludes the potentially adverse 
effects of che mi ca l fixatives and dehy dr ating 
agents. 
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Introdu ctio n 
Alth ough the advantages of cryofix in g, 
versus critica l poin t-dr ying, of b iologica l 
t iss ue for scanning electron microsco pe (S EM) 
st udi es is now fairly well establishe d, the 
instances of publ is he d stu di es involving fungal 
pr opag ul es, partic ularly fungal spores, are still 
few (e.g., Jones and McHardy 1985a, b; Beckett et 
al. 1984; Read and Beckett 1983). 
This paper desc rib es l ow temperature st udies 
on s pores of a basi diomy cete mycorrhizal fungus 
an d two asco mycet e fu ngi to evalua t e th e 
technique further and to compare it with th e 
c rit ical point-drying method . Asco mycetes 
sometimes present particular pr oblems for 
microscope studies in t hat the spore masses are 
readily d isturbe d on handling. Basidiomycete 
s poring structures are similarly affec ted an d are 
particul arly fragile. 
Materials and Methods 
Spore bearing gills of the basidiomycete 
Laccaria l accata (Fr.) Berk. & Br . were dissected 
fro m a fruiting body appearing on the s urf ace of 
a peat-sand mixture s upp orting growth of 
seedlings of Sitka spruce (Picea sitchensis 
(Bong.) Carr .) which had been, two yea r s 
previously, artificia ll y inocu l ated with L. 
laccata. 
Strama of the 'candle snuff fungus ' Xylaria 
hypoxylon Grev. were co ll ected during the late 
Autumn from old tree r oots on the soil su r face. 
The branched heads of these stroma were white du e 
to the mas ses of conidia for me d on the 
co nidiphores. 
Pink pustules of the conidial stage 
(Tubercularia vu l garis Tode) of the Coral 
spot-fungus, Nec tria cinna barina (Tod e) Fr . were 
c ut from dead twigs found on th e soi 1 surface 
during th e winter months. Although saprophytic 
in this instan ce , it can be parasit ic. 
The Hexlan d cryo-system at tached to a 
Cambridge Instruments S4 SEM was us e d during 
these studies. The c r yo -system co ns i s ts of thre e 
c omponents, the prechamb er , th e mic r osco pe col d 
s t age an d the decontaminator. 
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SEM of cryofixed fungi 
Fig. la Uncoated, 
c ryofixed Xylaria hypoxylon. 
unetch ed conidia 
Bar= 10 µm. 
of 
Fig. lb : Critical point-dried (CPD) co nidia of 
~- hypoxylon. Bar= 10 µm. 
F i g. le : Etched conidia of cryofixed 
~- hypoxylo n. Bar = 10 µm. 




CPD co nidia of X. hypoxylon. Bar 
Fig. lf Etch ed conidia of cryofixed 
X. hypoxylon. Bar= 4 µm. 
4 
Details of the procedure wer e fully desc ribed 
by Jones and McHardy (1985a) but are outlined 
here. Speci mens were mount ed in a mixture of 
co ll oidal gr aphite and Tissue Tek (Hexla nd ) in a 
shallow gr oove in an aluminium st ub, an d were 
rapidly frozen in li quid nitrogen s lu sh a t -210°c 
and su bs equ en tly examined at abo ut -140°C. Any 
superficial frosting of specimens was sublimed gy 
raising the temperature of the SEM stage to -80 C 
for a few minutes. Finally, unless ot he rwise 
state d, the s pecimens were s putt er-coate d with 
gold in the pr echam ber. Those speci mens which 
were chemically fixed an d critical point- dri ed 
were prepared as desc rib ed by J ones (1978) as 
fol l ows . The fixatives used were 3% 
glutaraldehyde in ph os ph ate buffer and 2% os mium 
tetroxide and s pecimens were dehydrated in an 
ethyl alcohol series (50% , 70%, 90% an d 100%), 
then passed through a Freon 113/ethyl alcohol 
series (1:4 . 2:3, 3:2, 4:1) . The speci mens were 
then immersed in Freon 113, critical point-dried 
from carbon dioxide in a Polaron app aratus an d 
sputter-coated with gold. Portions of the 
che mically fixed and dehydrated gills of L. 
laccata were embe dded in Agar resin 100 (Ag;r 
Aids, Essex, Eng l an d) and ultra-thin sec ti ons cut 
with a d iamond knife. Sections were post-staine d 
in uranyl acetate , followed by lead citrate and 
examined in a Siemens 102 transmission electron 
microscope (TEM). 
Spore dimensions, where recorded, were 
measured from photographic prints. 
Results and Discussion 
A micrograph showing frozen hydrate d coni dia 
of Xyla ri a hypoxylon, fro m a cryofrac tured 
specimen not previously etched to remove any 
superfluous ice that may hav e been present, is 
shown in Fig. la . This micrograph was recorded 
from a s pec imen which had not be en go ld coated. 
It is useful to be able to re co rd such images 
pri or to any etching pro ce dure although the 
qualit y is impaired by the poo r secondary 
electron signal. This is part ia lly due to the 
low accelera tin g v o ltage (SkV) necessa ry to avoid 
cha rging and partially to the lac k of the gold 
coa tin g which give s a high y i el d of secondary 
electrons. Comparative low magn if i cation 
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mic r og raphs of the conidia preserv ed by the two 
methods are shown in Fig. lb (critical point-
dried) and Fig . le (cryofixed and cryofractured) . 
Some evidence of wrinkling of the conidia 
of~- hypoxylon appears in higher magnification 
mic ro graphs of critical point-dr ie d specimens 
(Figs. ld, e) and this did not appear in 
cryofixed specimens, illustr ate d in Fig. lf. 
The stroma in the latter instance had been 
fractured in the frozen state, reve a lin g some of 
the spore con tents. 
Fig. 2a : Unetched s pores of cryof ixe d Nectria 
cinnabarina. Bar= 5 µm. 
Fig. 2b 
5 µm. 
CPD spores of N. cinnabarina. Bar 





Basidium, with developing 
cryofixed gill of Laccaria 




Echinulate basidiospores, enveloped in 
on cryofixed gill of~- laccata. Bar= 
Fig. Jc Echinulate basidiospores, virtually 
free of mucilage, on cryofixed gil l of 
L. laccata. Bar= 5 µm. 
Fig. 3d Low magnification micrograph of 
cryofixed gill of L. laccata, revealing 
basidiospores in different stages of development. 
Note apiculus (arrow) on one spore . Bar= 
10 µm. 
The over-all size of critical point-dried 
conidia is apparently much reduced when compared 
to those which are cryofixed (compare Fig. ld 
with Fig. lf) but it should be noted that they 
were not from the same stroma. Mean values (µm) 
for width and length of critical point dried 
conidia (seven measured) were 2.2 x 10.2 compared 
with 3.8 x 12.4 for cryofixed conidia (seven 
measured). These differences were significant 
(width P < 0.001; length P < 0.05). 
The dimensions of cryofixed conidia examined 
two years previously were also larger than the 
critical point-dried ones illustrated here. 
Scars left on conidiophores in critical point-
dried stroma (Fig. ld) are readily visible, 
because some conidia have become detached during 
the preparative procedure when the stroma was 
agitated in sterile water before fixing. This 
washing in water was specifical l y intended to 
dislodge some of the tightly packed spores to 
SEM of c ryofixed fungi 
reveal their ultrastructure. 
Cryofixed conidia of Nectria cinnabarina are 
shown in Fig. 2a. It was not necessary to raise 
the temperature of this specimen, after freezing 
in liquid nitrogen slush, since no appreciable 
surface ice appeared. Some reduction in size of 
the conidia occurred on critical point-drying the 
pustules (Fig. 2b) and much debris appeared on 
the specimen. Mean values (µm) for width and 
length of critical point-dried conidia (five 
measured) were 2.6 x 6.9 compared with 3.6 x 9 
for cryofixed coni dia (seven measured). These 
differences were significant (width P < 0.001; 
length P < 0.05) altho ugh it has to be pointed out 
that they were not from the same pustule. These 
phenomena are in keeping with those referred to 
by Beckett et al. (1984). 
Previous investigations by Jones and McHardy 
(1985b) showed that the basidia and cystidia, but 
not the basidiospores, on critical point-dried 
gills of the fruiting body of Coprinus cinereus 
were wrink l ed and sometimes damaged in appearance 
unlike those of cryofixed specimens. In 
conformance with their results, cryofixed basidia 
of Laccaria laccata showed no signs of damage or 
shrinkage (Fig . 3a) unlike the critical 
point-dried specimens (Fig. 4b). In addition, 
mucilage which envelops the echinulate 
basidiospores, noted by Jones and McHardy (1985b) 
1n cryofixed Coprinus specimens, was seen in 
varying amounts on spores of L.laccata which had 
been cryofixed (Figs. 3b, c). Preservation of a 
mucilage enveloping mantle hyphae of some 
cryofixed tree mycorrhizas has been noted by 
Alexander et al. (1987). Undistorted images of 
the various stages in development of the 
basidiospores in cryofixed gills were recorded in 
our specimens of.!:_. laccata, and occasionally the 
apiculus at the base of the basidiospore was seen 
(arrowed Fig. 3d). Much debris appears on 
critical point-dried gills from the same pileus 
examined by low temperature, and although the 
spores were well preserved (Fig. 4a), the 
mucilage film was wrinkled and torn (Fig. 4b); 
the latter is more clearly shown in ultra-thin 
section (Fig. 4c) of gills, also from the same 
pileus examined at low temperature. 
Prior to the advent of scanning electron 
microscopy, features of spore surface 
ornamentation had been successfully revealed 
using the carbon replica technique in TEM 
studies. The elegant work of Bigelow and Rowley 
(1968) contains micrographs of basidiomycete 
spores, including those of Laccaria laccata. 
Although the potential resolution of replicas in 
the TEM is still higher than direct SEM 
Fig. 4a 
5 µm. 
CPD spores · of L. laccata. Bar 
Fig. 4b CPD spores of.!:_. laccata, enveloped in 
wrinkled and torn mucilaginous film; note also 
wrinkled basidium (indicated by asterisk) with 
sterigmata. Bar= 5 µm. 
Fig. 4c : Ultrathin section of basidiospores of 
L. laccata; note torn mucilaginous film (arrow). 
Bar= 2.5 µm. 
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observations, the many steps in the preparation 
of replicas demands considerable manipulative 
skill and the failure rate is high. In addition, 
folding and distortion of electron transparent 
replica film, particularly at the edges of such 
features as spores, can lead to difficulties in 
interpretation. 
Conclusions 
These observations indicate the desirability 
of using cryofixation as a method for preserving 
external morphological features of fungi for SEM 
examinations. The technique is relatively rapid 
and ensures that spores, and basidia in the case 
of L. laccata, do not exhibit artifacts which are 
genirally manifested in a shrivelled or wrinkled 
appearance, and even in a reduction in size, when 
using critical point-drying. Additionally, 
mucilages often associated with fungal spore 
development are preserved using the low 
temperature method. 
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Discussion with Reviewers 
J. Lott : How were spores measured? 
Authors Measurements were made directly from 
the micrographs after careful standardisation of 
scale. We were aware of possible errors because 
of variation in the angle of tilt of individual 
spores and measurements were confined to objects 
which were thought to be reasonably flat although 
it has to be conceded that this judgement was 
subjective. Caution must be exercised when 
making a comparison between spore sizes since it 
is virtually impossible to judge when they are 
fully mature. 
1428 
J. Lott : What was the status of the samples as 
far as sublimation of frost was concerned? 
Authors : It is thought that the main reason for 
frosting in these materials is the occurrence of 
natural moisture on the surfaces. 
No frosting was obtained after the samples were 
metal coated and it is not a problem with the 
Hexland system. 
J. Lott Is "cryofixed" a good term? 
Authors Whether or not "cryo-fixed" is a good 
term is arguable but it is now in common use. 
J. Lott How many samples of each type were 
prepared, studied and measured? 
Authors The availability of the three fungi 
investigated is seasonal (generally early winter) 
and therefore limited. Although Xylaria 
hypoxylon and Laccaria laccata have now been 
isolated in pure culture on agar, spores are not 
developed. In spite of this, large numbers of 
conidia of !· hypoxylon have been examined on 
three stroma collected during 1983 and 1985. It 
has been possible to make observations on 
basidiospores and basidia on the gills from the 
same fruiting body of L. laccata. Nectria 
cinnabarina does not grow on agar and in this 
case we examined pustules on two separate twigs 
collected in 1985. Sufficient conidia were 
examined to make a statistical analysis of N. 
cinnabarina and X. hypoxylon spore dimensions. 
The results presented certainly 
substantiate our previous findings and those of 
other workers. Thus scanning electron 
micrographs of (critical point dried?) conidia of 
various species of Xylaria (not hypoxylon) reveal 
much wrinkling and distortion (Rogers 1984). 
Reviewer IV : Why raise the temperature to -140°C 
before examination? 
Authors : The important parameter in cryo-fixing 
a specimen is the rate of cooling, not the 
ultimate temperature. Thus liquid nitrogen at 
its melting point (-210°C) is more efficient than 
liquid nitrogen at its boiling point (-196°C) but 
less efficient than a fluid such as Freon 22 at 
its melting point (-146°C). Once frozen there 
was no advantage for our purposes in maintaining 
the specimen at liquid nitrogen temperature. 
There is no particular significance to the 
temperature of -14o 0 c. It was sufficiently far 
below the temperature (-8o 0 c) at which 
sublimation of ice occurs in the high vacuum 
environment of the microscope and was readily 
maintained by a reasonably slow flow of cooling 
nitrogen gas. To maintain the cold stage 
temperature at -19o 0 c requires a much higher flow 
rate and is wasteful of nitrogen. 
Reviewer IV Why is it useful to record uncoated 
images? 
Authors It is useful in general to be able to 
record uncoated images so that one can accurately 
compare morphology before and after etching. 
There is always an element of doubt as to when 
removal of superficial frosting stops and 
freeze-drying of the specimen begins. Once the 
specimen has been coated, further etching is 
useless because the original coating film remains 
and although probably distorted and broken will 




SEM of cryofixed fungi 





and that no 
uncoated image was included in 
study to show that it could be 
artefacts were being introduced 
at the coating stage. 
Reviewer IV Have the authors considered the 
possibility that what they refer to as the 
apiculus is actually the spore droplet? 
Authors It is possible that what we refer to 
as the apiculus could, in fact, be a drop of 
fluid which is carried away with the spore when 
the latter is discharged . Such spore 'droplets' 
would not be preserved by the critical 
point-drying technique . 
Reviewer IV The results show nothing that has 
not been published by other workers. 
Authors : The results presented are new in that, 
as far as we know, the fungi have not previously 
been examined by the methods des cri bed i.e. SEM 
of cryofixed and critical point-dri e d material. 
W.M. Hess Magnification for comparable 
treatments should be the same. 
Authors : We have attempted to do this for some, 
but not all micrographs. Thus Figs. la and lb 
are comparable as are Figs. 3c and 4a. The 
magnification of Fig. 2b is somewhat greater (x 
1.2) than in Fig. 2a, accentuating, even more, 
the difference in spore dimensions between the 
two treatments. 
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